First, we show through a numerical simulation that the massive Schwinger model used to formulate solutions to CDW transport in itself is insufficient for transport of soliton-antisoliton (S-S') pairs through a pinning gap model of CDW transport. We show that a model Hamiltonian with Peierls condensation energy used to couple adjacent chains (or transverse wave vectors) permits formation of S-S' pairs which could be used to transport CDW through a potential barrier .Previously, we have argued that there are analogies between this construction and the false vacuum hypothesis used for showing a necessary and sufficient condition for formation of CDW S-S' pairs in wavefunctionals. Here we note that this can be established via either use of the Bogomil'nyi inequality or an experimental artifact which is due to use of .the false vacuum hypothesis to obtain a proportional 'distance' between the S-S' charge centers.
I. INTRODUCTION
We have prior to this paper formed an argument using the integral Bogomol'nyi inequality to present how a soliton-anti soliton (S-S') pair could form. 1 2 In addition,
we also have shown how the formation of wave functionals is congruent with Lin's nucleation of an electron-positron pair as a sufficiency argument as to forming
Gaussian wave functionals. Here, we argue our wavefunctional result is equivalent to putting in a multi-chain interaction term in our simulated Hamiltonian system. with a constant term in it proportional to the Peierls gap times a cosine term representing interaction of different CDW chains in our massive Schwinger 3 model. This change of the Hamiltonian term is adding in an additional potential energy term making the problem look like a Josephon junction problem. We found that a single-chain simulation of the S-S' transport problem suffers from two defects. First, it does not answer what are necessary and sufficient conditions for formation of a. S-S ' pair.
More importantly, we also find through numerical simulations of the single-chain transport model that one needs additional physical conditions to permit barrier penetration. Our numerical simulation of the single-chain problem for CDW involving S-S ' pairs gave a resonance condition in transport behavior over time, with no barrier tunneling. The argument here that we will present is that the false vacuum 
II. REVIEW OF THE NUMERICAL BEHAVIOR OF A SINGLE-CHAIN FOR CDW DYNAMICS
We are modifying a one chain model of Charge Density Wave (CDW) transport initially pioneered by Dr. John Miller 5 6 which furthered Dr. John Bardeens work on a pinning gap presentation of CDW transport. The single-chain model is a good way to introduce how a threshold electric field would initiate transport, qualitatively speaking. We did, however, when using it, assume that the CDW would be easily modeled with a soliton (anti soliton) Gaussian packet. So we undertook this investigation to determine necessary and sufficient condition to physically justify use of a soliton (anti-soliton) for our wave packet. We start by using an extended We should note in writing this that that a washboard potential with small driving term 3 6 added to the main potential term of the washboard potential, is
used to model transport phenomenology .We also argue that this potential permits domain wall modeling of 7 E μ S-S' pairs. In this situation, is proportional to the electrostatic energy between the S-S' pair constituents (assuming a parallel plate capacitor analogy) ; Θ is a small driving force we will explain later, dependent upon a ratio of an applied electric field over a threshold field value. As we show later, the dominant washboard potential term will have the value of (pinning energy) times
. We call the the Euclidian action version of the potential given above.
In addition, the first term in this Eq. (2.1) is the conjugate momentum. Specifically, we found that we had as canonical momentum density,
, (where is a Frohlich to electron mass ratio, and is a Fermi velocity represented by a separation L and of cross-sectional area A, which produces an internal field , where effective charge and is a huge dielectric constant. Finally, the driving force term,
, where the physics of the term given by , leads to no instanton tunneling transitions if
which was the basis of a threshold field of the value 2 *
= E E T due to conservation of energy considerations. Finally, it is important to note that experimental constraints as noted in the device development laboratory lead
, which we claim has also been shown to be necessary due to topological soliton arguments. 8 It is useful to note that Kazumi Maki, in 1977, gave the first generalization of Sidney Coleman's 9 least action arguments to NbSe 3 electrodynamics. We use much the same pinning potential, with an additional term due to capacitance approximation of energy added by the interaction of a S-S' pair with each other. 5, 6 While Dr. Maki's work is very complete, it does not include in a feature we found of paramount importance, that of the effects of a threshold electric field value to 'turn on' effective initiation of S-S' pair transport across a pinning gap. We should note the new physics added here since in this situation, E μ is proportional to the electrostatic energy between the S-S' pair constituents (assuming a parallel plate capacitor analogy); Θ is a small driving force we will explain later, dependent upon a ratio of an applied electric field over a threshold field value. It is also relevant to note that we previously found 10 that topological soliton style arguments can explain why the potential lead to the least action integrand collapsed to primarily a quadratic potential contribution, which permits treating the wave functional as a Gaussian .As would be expected ,the ratio of the coefficient of pinning gap energy of the Washboard potential used in NbSe 5 3 modeling to the quadratic term used in modeling energy stored in between S-S' pairs was fixed by experiment to be nearly 100 to 1 , which is a datum we used in our calculations.
To those whom are unfamiliar with the Schwinger model, we can summarize it briefly as follows. Namely, we use that the Schwinger model, named after Julian Schwinger, is the model describing 2D Euclidean quantum electrodynamics with a Dirac fermion. This model exhibits a spontaneous symmetry breaking of the U(1) symmetry due to a chiral condensate due to a pool of instantons. The photon now becomes a massive particle. This model can be solved exactly and is used as a toy model 12 for other more complex theories. We use it, keeping in mind the instanton flavor to the model, as well as how instantons can be analytically conveyed in transport via a wave functional with a Gaussian integrand 13 and work with a quantum mechanically based energy
and momentum ( )
The first case is a one-chain mode situation. Here, was used explicitly as a driving force, while using the following difference equation due to using the Crank Nickelson 14 scheme .We should note that D ω is a driving frequency to this physical system which we were free to experiment with in our simulations. The first index, j, is with regards to 'space', and the second, n, is with regards to 'time' step. Eq. (2.3) is a numerical rendition of the massive Schwinger model plus an interaction term, where one is calling t i E ∂ ∂ = h and one is using the following replacement
We use variants of Runge-Kutta 14 
. The advantage of this model is that it is second order accurate, explicit, and unconditionally stable, so as to avoid numerical blow up behavior .One then gets resonance phenomena as represented by Fig. 1 . This is quite unphysical and necessitates making changes, which we will be presenting in this manuscript. In particular, we observed Eq. (2.4) results in a run away oscillation which corresponds to a continual adding up of non dissipated energy of a S-S' pair bouncing between the walls of the potential system, without tunneling commencing.
Appendix I refers to the run away resonance phenomena effect for one chain and also describes how numerical simulations for more than one chain can be organized, with 7 8 results finalized in Fig. 9 of the manuscript below. Let us now refer to analytical derivations needed to alter the numerical short comings of the single-chain charge density wave model
III. ADDITION OF AN NEW TERM IN THE MASSIVE SCHWINGER EQUATION TO PERMIT FORMATION OF A S-S' PAIR
Initially we will present how addition of an interaction term between adjacent CDW chains will allow a soliton (anti soliton) to form due to some analytical considerations we will present here. 11 Finally we shall endeavor to show how our argument with the interaction term ties in with the fate of the false vacuum construction of S-S' terms done in our prior publication where either one used the Bogomil'nyi inequality 15 as a necessary condition to the formation of S-S' terms or used the ground state ansatz argument which still uses the false vacuum hypothesis extensively. Let us now first refer to how we can obtain a soliton via assuming that adjacent CDW terms can interact with each other.
One of our references, 1,2 uses the Bogomil'nyi inequality to obtain a S-S' pair which we approximate via a thin wall approximation and the nearest neighbor approximation of how neighboring chains interrelate with one another to obtain a representation of phase evolution as an arctan function w.r.t. space and time variables.
Another uses the equivalence of the false vacuum hypothesis with the existence of ground state wave functionals in a Gaussian configuration. 10 To whit, either the false vacuum hypothesis itself creates conditions for the necessity of a Gaussian ansatz, or else the Bogomil'nyi inequality provides for the necessity of a S-S' pair nucleating via a Gaussian approximation which is the only way to answer data Dr. Miller 
with 'momentum 'we define as
We then use a nearest neighbor approximation to use a Lagrangian based calculation of a chain of pendulums coupled by harmonic forces to obtain a differential equation which has a soliton solution .To do this, we write the interaction term in the potential of this problem as
and then consider a nearest neighbor interaction behavior via
Here, we set , so then
which then permits us to write
a Lagrangian based differential equation of which allowed using . We have an invariant quantity, which we will designate as:
2 , which, as n approaches infinity, allows us to write a Sine-Gordon equation
with a way to obtain soliton solutions. We introduce dimensionless variables of the to influence the energy band structure the soliton will be tunneling through but is not enough to break up the soliton itself. We can see how this fits into density wave transport by looking at Fig. 2 which gives us a good summary of how density waves transport themselves through a solid. We will in the next section develop a discussion about this while using a momentum space representation of a soliton-anti soliton pair(S-S') using a momentum space representation of soliton-anti soliton pair(S-S'), i.e. via a Fourier transform in momentum space of a phase we call in position space 
IV. WAVE FUNCTIONAL PROCEDURE USED IN S-S' PAIR NUCLEATION
Traditional current treatments frequently follow the Fermi golden rule for current
In our prior work we applied either the Bogomil'nyi inequality 1,2,3,, 6 or we did more heuristic procedures with Gaussian wave functionals as Gaussian ansatz's to come up with an acceptable wave functional, which will refine I-E curves 2,3 used in density wave transport. For the Bogomol'nyi inequality approach we modify a de facto 1+1 dimensional problem in condensed matter physics to being one which is quasi one dimensional by making the following substitution, namely looking at the Lagrangian density ς to having a time independent behavior denoted by a sudden pop up of a S-S' pair via the substitution of the nucleation 'pop up' time by
where is the Planck's time interval. Then afterwards, we shall use the substitution of so we can write
This was later generalized to be of the form in a momentum space DFT momentum basis in an initial physical state with Furthermore, in our case we found that in the general Gaussian wave functional ansatz approach, best to assume this, more or less, is a ground state energy start to a one dimensional Hamiltonian of a character which will lead to analytical work in momentum space leading to functional current we derived as being of the form We also found that in order to have a Gaussian potential in our wavefunctionals that we needed to have in both interpretations
where for the Bogomol'nyi interpretation of this problem we worked with potentials (generalization of the extended Sine-Gordon model potential) 1, 10 ( ) 
We had a Lagrangian 15 we modified to be (due to the Bogomil'nyi inequality) 
In both cases, we find that the coefficient in front of the wavefunctional in Eq. (4.13)
is normalized due to error function integration .This is using the pinning gap formulation of density wave transport for a S-S' pair initially pioneered by Bardeen. Furthermore, this allowed us to derive, as mentioned in another publication a stunning confirmation of the fit between the false vacuum hypothesis and data obtained for current -applied electrical field values graphs (I-E) curves of experiments initiated in the mid 1980s by Dr. John Miller, et al 13 . which lead to the modulus of the tunneling
Hamiltonian being proportional to a current which we found was 1,3,10
This is due to evaluating our tunneling matrix Hamiltonian with the momentum version of an F.T. of the thin wall approximation, which is alluded to in Fig. 2 The current expression 1,3,10,13 is a great improvement upon the phenomenological Zener current 16 expression, where is the limiting CDW conductance.
Furthermore, we have that we are observing this occurring while taking into account the situation in Fig. 5 which leads to a proportionality argument we can use
The Bloch bands are tilted by an applied electric field when we have leading to a S-S' pair shown in Fig. 5 .The slope of the tilted band structure is given by and the separation between the S-S' pair is given by, as referred to in Fig. 2 .Note that the due to the constituent components of a S-S' pair .And Fig. 2 gives us the following distance,
L, where is a 'vertical' distance between the two band structures tilted by an applied electric field, and being pinning gap energy ,we find.
Here , is a proportionality factor included to accommodate the physics of a given spatial (for a CDW chain) harmonic approximation of Realistically ,an experimentalist 1, 3, 10 x L >> will have to consider that , where x an assumed reference point is an observer picks to measure where a S-S' pair is on an assumed one-dimensional chain of impurity sites.
V. CONCLUSION: SETTING UP THE FRAMEWORK FOR A FIELD THEORETICAL TREATMENT OF TUNNELING
We have, in the above document identified pertinent issues needed to be addressed in an analytical treatment of Charge Density Wave transport. Euclidian action so that we may invert the potential in order to use WKB semiclassical procedures for solving our problem. Another approach 21 , using the Schwinger proper time method, has been applied by other researchers to calculate the rates of particle-antiparticle pair creation in an electric field 22 for the purpose of simplifying transport problems. What we are proposing here is a synthesis of several methods, plus additional insight as to the topological charge dynamics of density wave transport which were neglected in prior attempts to analyze this problem fully.
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We explicitly argue that a tunneling Hamiltonian based upon functional integral methods is essential for satisfying necessary conditions for the formation of a S-S' pair. The Bogomil'nyi inequality stresses the importance of the relative unimportance of the driving force , which we drop out in our formation of a soliton (anti soliton) in our multi-chain calculation. In addition, we argue those normalization procedures, plus assuming a net average value of the
small terms as seen in our analysis of the contribution to the Peierls gap contribution to S-S' pair formation in our Gaussian
representation of how S-S' pairs evolve in a pinning gap transport problem for charge density wave dynamics. The overall convergence of a numerical scheme to represent multi-chain contributions to the analysis of this problem, gives a Josephon junction flavor to our analysis. It also underlies the formation of solitons (anti solitons) which was used by us as the underpinnings of the S-S' pairs used to give more detailed structure to the field theoretic analysis of this important problem.. This work in itself is a step forward from the initially classical analysis offered by Gruner 23 Furthermore, what is done here is a simpler treatment of transport modeling as is seen in older treatment in the literature 24 
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APPENDIX I: ADDITIONAL COMPUTER SIMULATION MATERIAL W.R.T. MULTI-CHAIN CDW TRANSPORT & THE LARGE TIME SCALE RESONANCE BEHAVIOR OFA SINGLE CDW CHAIN
In our discussion about the single-chain simulation material, we looked at a second numerical scheme 3 . the Dunford-Frankel and 'fully implicit' allows us to expand the time step even further. Then, the 'massive Schwinger model' equation 3,6,26 3 has : and when we will use wave functions which are
with a two-chain analogue of 
If so, we put in the requirement of quantum degrees of freedom so that one has for each chain for a two dimensional case 
which provides coupling between 'nearest neighbor' chains. In doing so, we are changing the background potential of this problem from a situation given in Fig. 6 , to a different situation where one has multiple soliton pairs that are due to the term Δ′ in which has two double well band structures given which permit the existence of tunneling due to the double well. band structure 3 We also have that Here is how the problem was presented before being coded for Mathematica: where one has pinning energy, charging energy, and 
we obtained a minimum energy 'band structure' with five adjacent parabolic arcs .We obtain a 'minimum' energy out of this we can write as Beginning of resonance phenomena due to using the traditional CrankNickelson numerical iteration scheme of the one chain model. Phi refers to a time dependent phase value due to a single chain approximation. Electric Field (arb. units)
Concurrent
Electric field (a.u.) 
